
CMS – TRACKER – FPixel 
 

24 January 2008

 

____________________________________________________________________________________ 
EDMS number: 891187 - 1/16 - CMS_FPixel_0481.doc 
 

 
 
 
 
 
 
 
GENEVE, SUISSE 
 
Date: 24th January 2008 
 
From: Aurelie MAURISSET  PH/CMI 

Antje BEHRENS  TS/SU 
 Rajesh Kumar SAHU  PH/UAI 
 

 
EDMS :891187  

CCMMSS  ––  TTRRAACCKKEERR    
MMEEAASSUURREEMMEENNTT  OOFF  TTHHEE  FFPPIIXXEELL  HHCC++ZZ11  AANNDD  IITTSS  

SSUUPPPPOORRTT  
CERN – HALL 186 – 23. AND 24.01.2008 

 

 
 

The report is available at the following address: http://edms.cern.ch/document/891187   
The EDMS number of the document is: CMS-TK-UR-0043 and the EDMS id is 891187. 

To: 
Austin BALL PH/CMM 
Domenico CAMPI PH/CMI 
Alain HERVE PH/CMO 
Horst BREUKER PH/CMT 
Christian LASSEUR       TS/SU 
Antti ONNELA PH/DT2 
Andrei OSTAPTCHOUK PH/UCM 
Francesco PALMONARI PH/UCM 
Paolo PETAGNA PH/CMT 
Hans POSTEMA PH/CMT 
Bruno WITTMER PH/UCM 
Simon KWAN PH/UCM 
Mikhail KUBANTSEV PH/UCM 
Mauro DINARDI PH/UCM 



CMS – TRACKER – FPixel 
 

24 January 2008

 

____________________________________________________________________________________ 
EDMS number: 891187 - 2/16 - CMS_FPixel_0481.doc 
 

 
1 Introduction .......................................................................................................3 
2 Co-ordinate system............................................................................................4 

2.1 Survey Frame – Reference Coordinates FERMILAB.......................................................... 4 
2.2 FPixel HC+Z1 - Reference Coordinates FERMILAB.......................................................... 5 

3 Definition of the point names and distribution ..............................................6 
3.1 Point names for FPixel survey frame ..................................................................................... 6 
3.2 Point names for FPixel HC+Z1............................................................................................... 7 

4 Details for Survey Targets................................................................................9 
4.1 Survey target – FPixel survey bracket ................................................................................... 9 
4.2 Sticker Target........................................................................................................................... 9 

5 Results ..............................................................................................................10 
5.1 Levelling.................................................................................................................................. 10 
5.2 Survey Frame ......................................................................................................................... 10 
5.3 FPixel HC+Z1......................................................................................................................... 11 
5.4 Mean Circle – FPixel survey bracket ................................................................................... 16 

 
 
 
 
 
 



CMS – TRACKER – FPixel 
 

24 January 2008

 

____________________________________________________________________________________ 
EDMS number: 891187 - 3/16 - CMS_FPixel_0481.doc 
 

11  IInnttrroodduuccttiioonn  
 

This report presents the results of the measurement of the Forward Pixel half cylinder 
HC+Z1: 

• Levelling of the FPixel survey frame 
• Control of alignment of the FPixel support blocs on the survey frame 
• Measurement of the FPixel HC+Z1 

 
The measurements have been done in hall 186 on 23. and 24.01.2008..  
 
 
The FPixel survey frame has been aligned at FERMILAB. Photogrammetric sticker targets 

have been glued on all four FPixel support blocs and the FPixel detector and a final 
measurement has been done at FERMILAB. 

 
Results of these measurements have been provided by Mikhail KUBANTSEV.  
 
After the shipment of the survey frame it has been reassembled at CERN. 
 
On 23.01.2008 a levelling has been done in order to position the survey frame horizontally. 
 
Afterwards the survey stand has been measured by photogrammetry and a comparison to 

the survey results from FERMILAB has been done in order to control the alignment of the four 
FPixel support blocs on the frame. The results of the comparison are given in this report. 

 
On 24.01.2008 the FPixel detector has been installed on the survey frame and a 

photogrammetric measurement has been performed. Again a comparison to the survey results 
from FERMILAB has been done in order to control the alignment of the FPixel components. 
The results of the comparison are given in this report. 
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22  CCoo--oorrddiinnaattee  ssyysstteemm  
 
In order to define the coordinate system of the photogrammetric measurements of the 

survey frame and the FPixel detector, a best fit transformation has been done of the measured 
coordinates at CERN on the respective measured coordinates at FERMILAB. Residuals after 
transformation are given in the results chapter. 

 
Results of the measurements done at FERMILAB are provided by Mikhail KUBANTSEV. 
 

2.1 Survey Frame – Reference Coordinates FERMILAB 
 

Survey Frame - Coordinates FERMILAB Survey Frame - Coordinates FERMILAB 
Label X (mm) Y (mm) Z (mm) Label X (mm) Y (mm) Z (mm) 
BLL-1 122.45 1096.76 50.82 BRL-1 16.29 -1097.25 52.78 
BLL-2 75.82 1096.76 62.56 BRL-2 16.30 -1163.47 58.85 
BLL-3 26.38 1096.73 49.02 BRL-3 173.88 -999.31 -4.26 
BLL-4 16.29 1042.32 59.16 BRL-4 54.83 -1169.53 72.22 
BLL-5 16.31 958.05 50.86 BRL-5 123.16 -1069.18 79.17 
BLL-7 22.90 906.54 48.07 BRL-7 25.12 -1219.76 63.29 
BLL-8 76.88 906.55 64.97 BRL-8 73.85 -1219.74 63.54 
BLL-9 119.16 906.55 64.43 BRL-9 120.99 -1219.75 48.25 
BLL-10 48.36 1045.08 72.18 BRL-11 47.23 -921.10 -4.50 
BLL-11 69.52 1001.19 226.59 BRL-12 39.28 -853.39 -4.58 
BLL-12 123.05 1056.37 79.21 BRL-13 118.20 -1029.55 64.16 
BRU-1 25.22 -1031.01 481.63 BRL-14 82.51 -1029.56 65.04 
BRU-2 24.15 -1065.78 505.72 BRL-15 25.78 -1029.59 48.31 
BRU-3 16.34 -1161.32 488.14 BRL-16 307.85 -1086.45 198.07 
BRU-4 16.38 -1093.42 491.52 BRL-17 308.59 -1158.76 66.69 
BRU-5 121.94 -1031.04 480.35 BRL-18 185.14 -999.98 -18.05 
BRU-6 23.72 -1221.21 497.82   
BRU-7 76.08 -1221.24 483.52   
BRU-8 73.79 -1031.03 499.81   
BLU-1 26.35 1049.36 541.40   
BLU-2 16.31 964.41 485.95   
BLU-3 22.07 945.79 505.16   
BLU-4 122.89 1091.52 505.30   
BLU-5 16.30 1059.11 497.55   
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2.2 FPixel HC+Z1 - Reference Coordinates FERMILAB 
 
Fpixel HC+Z1 - Coordinates FERMILAB Fpixel HC+Z1 - Coordinates FERMILAB 
Label X (mm) Y (mm) Z (mm) Label X (mm) Y (mm) Z (mm) 
HD+Z1-3O1 28.65 45.82 350.40 3EFT1 61.16 2134.27 344.14
HD+Z1-3O2 65.01 41.05 335.47 3EFT2 96.10 2134.30 324.59
HD+Z1-3O3 98.98 45.95 309.60 3EFT3 151.19 2134.19 222.19
HD+Z1-3O4 139.52 45.50 157.26 3EFT4 150.56 2134.12 175.35
HD+Z1-3O5 98.96 45.88 87.08 3EFT5 118.22 2134.02 94.36
HD+Z1-3T10 48.21 40.47 99.23 3EFT6 63.37 2133.91 50.82
HD+Z1-3T11 29.31 49.38 83.48 3CT1 38.91 2128.80 347.79
HD+Z1-3T14 -17.54 32.37 81.59 3CT2 39.01 2099.08 327.32
HD+Z1-4O1 66.44 -1.36 62.04 3CT3 15.69 1558.87 361.92
HD+Z1-4O2 124.69 -5.15 120.87 3CT4 -6.04 974.77 363.51
HD+Z1-4O3 139.77 -1.48 238.84 3CT5 -6.04 453.22 363.95
HD+Z1-4O4 124.14 -1.88 276.72 3CT7 39.27 2127.80 48.73
HD+Z1-4O5 66.33 -2.77 334.71 3CT8 39.38 2101.45 61.96
HD+Z1-4T1 0.16 22.53 127.66 3CT9 26.75 1820.07 38.42
HD+Z1-4T2 7.84 21.35 101.16 3CT10 -5.56 1234.98 31.96
HD+Z1-4T3 9.07 18.49 78.15 3CT11 -5.18 478.72 31.19
HD+Z1-4T4 34.84 16.25 110.11 HD+Z2-3O1 28.79 174.61 349.95
HD+Z1-4T5 49.14 14.73 84.86 HD+Z2-3O2 64.75 171.53 335.32
HD+Z1-4T6 54.28 -1.23 174.54 HD+Z2-3O3 99.89 175.70 308.30
HD+Z1-4T7 81.98 -2.57 167.33 HD+Z2-3O4 140.03 175.74 159.23
HD+Z1-4T8 102.57 -5.22 157.41 HD+Z2-3O5 99.23 175.87 87.22
HD+Z1-4T9 51.95 9.14 203.36 HD+Z2-3T11 29.24 179.68 82.78
HD+Z1-4T10 117.20 12.36 203.58 HD+Z2-3T12 16.23 176.42 114.28
HD+Z1-4T11 57.19 0.71 299.07 HD+Z2-3T14 -17.41 162.44 80.58
HD+Z1-4T12 11.82 -1.30 265.23 HD+Z2-4O1 67.18 128.99 62.14
HD+Z1-4T13 18.62 -2.52 292.94 HD+Z2-4O2 125.94 125.70 122.98
HD+Z1-4T14 29.51 -5.58 313.48 HD+Z2-4O3 139.68 129.09 238.34
HD+Z1-4T15 -17.33 9.18 262.02 HD+Z2-4O4 123.97 128.78 276.60
HD+Z1-IT1 5.32 0.35 245.20 HD+Z2-4O5 65.96 127.71 334.60
HD+Z1-IT2 34.30 43.05 216.42 HD+Z2-4T12 11.45 128.92 265.60
HD+Z1-IT3 34.91 -0.58 181.96 HD+Z2-4T15 -17.24 139.05 261.13
HD+Z1-IT4 3.37 43.32 150.85 HD+Z2-IT1 1.71 130.19 246.05
CYL-BACK-1 153.83 1964.77 231.03 HD+Z2-IT2 34.27 174.31 215.81
CYL-BACK-2 145.32 139.49 261.81 HD+Z2-IT3 33.84 129.27 179.10
CYL-BACK-3 113.69 1534.70 311.40 HD+Z2-IT4 5.29 173.54 151.29
CYL-BACK-4 156.15 1145.85 214.51  
CYL-BACK-5 344.09 1122.06 -49.81  
CYL-BACK-6 344.29 1733.35 -51.67  
CYL-BACK-7 344.13 246.50 -49.63  
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33  DDeeffiinniittiioonn  ooff  tthhee  ppooiinntt  nnaammeess  aanndd  ddiissttrriibbuuttiioonn  
 
3.1 Point names for FPixel survey frame 

 
Point names are used as given during measurements done at FERMILAB. 
 
Remark: During the reassembly of the FPixel survey frame at CERN, the support blocs 

BLL and BRL have been interchanged. Point names have been given following their original 
position at FERMILAB.  

 

 
 

Figure 3-1: Point names for FPixel survey frame 
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3.2 Point names for FPixel HC+Z1 
 
Point names are used as given during measurements done at FERMILAB. 
 

Name Description 
HD+Z1-xxx Sticker targets on Half Disc 1 
HD+Z2-xxx Sticker targets on Half Disc 2 
3EFTx Sticker targets on survey bracket 
3CTx Sticker targets on Half Cylinder - front side 
CYL-BACK-x Sticker targets on Half Cylinder - back side 
400x Button targets on survey bracket 
BLU-x Sticker targets on FPixel support bloc on survey frame 
BRU-x Sticker targets on FPixel support bloc on survey frame 
BLL-x Sticker targets on FPixel support bloc on survey frame 
BRL-x Sticker targets on FPixel support bloc on survey frame 
1xxx Additional sticker targets with random numeration 

 
 

 
 

Figure 3-2: Point names on the survey bracket 
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Figure 3-3: Point names on the Half Discs 
 
 

 
 

Figure 3-4: Point names on Half Cylinder front side and on FPixel support bloc 
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44  DDeettaaiillss  ffoorr  SSuurrvveeyy  TTaarrggeettss    
 
4.1 Survey target – FPixel survey bracket 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-1: Photogrammetric target – FPixel survey bracket 
 

The measured point has an offset of 20 mm wrt the contact surface on the FPixel survey 
bracket. 
 
4.2 Sticker Target 

 
The measured point has an offset of about 0.1 mm wrt the contact surface. 
However there is no tolerance given by the manufacturer for the thickness of the sticker 

targets.  
 

20mm 
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55  RReessuullttss  
 
The precision in X-,Y- and Z- direction is 0.05 mm at a one sigma level. 
All coordinates are given in the center of the survey target. 
 
5.1 Levelling 
 
Relative height after alignment of the upper FPixel support blocs on the survey frame is given. 
 

Label Height (mm) 
BRU 0.00 
BLU -0.02 

 
5.2 Survey Frame 
 
Remark:  During the reassembly of the FPixel survey frame at CERN, the support 

blocs BLL and BRL have been interchanged. 
 

  D = Meas. CERN - FERMILAB 
Label X (mm) Y (mm) Z (mm) DX (mm) DY (mm) DZ (mm) 
BLL-1 122.48 -1030.78 51.40 0.03 -2127.54 0.58 
BLL-2 75.85 -1030.82 63.11 0.03 -2127.58 0.55 
BLL-3 26.42 -1030.80 49.58 0.04 -2127.53 0.57 
BLL-4 16.31 -1085.17 59.73 0.02 -2127.49 0.57 
BLL-5 16.31 -1169.43 51.41 0.00 -2127.48 0.55 
BLL-7 22.88 -1220.95 48.57 -0.01 -2127.50 0.50 
BLL-8 76.89 -1220.96 65.46 0.01 -2127.50 0.50 
BLL-9 119.15 -1220.95 64.91 -0.01 -2127.50 0.48 
BLL-10 48.36 -1082.43 72.74 0.00 -2127.51 0.56 
BLL-11 Not measured  
BLL-12 123.05 -1071.17 79.77 0.00 -2127.54 0.56 
BLL-20 31.25 -1045.94 92.66  
BLL-21 31.30 -1205.92 92.57  
BLU-1 26.38 1049.46 541.40 0.03 0.09 0.00 
BLU-2 16.32 964.48 485.95 0.01 0.07 -0.01 
BLU-3 22.06 945.84 505.16 -0.02 0.06 0.00 
BLU-4 122.90 1091.55 505.31 0.01 0.02 0.02 
BLU-5 16.28 1059.18 497.54 -0.02 0.07 -0.01 
BLU-20 -3.60 1073.65 490.05  
BRL-1 16.39 1028.95 52.44 0.11 2126.20 -0.34 
BRL-2 16.38 962.74 58.51 0.08 2126.21 -0.34 
BRL-3 Not measured  
BRL-4 54.85 956.67 71.92 0.02 2126.20 -0.30 
BRL-5 123.24 1056.98 78.94 0.07 2126.16 -0.23 
BRL-7 25.14 906.48 62.94 0.02 2126.24 -0.35 
BRL-8 73.87 906.46 63.21 0.01 2126.21 -0.33 
BRL-9 121.02 906.47 47.94 0.04 2126.21 -0.31 
BRL-11 Not measured  
BRL-12 Not measured  
BRL-13 118.31 1096.60 63.89 0.11 2126.15 -0.27 



CMS – TRACKER – FPixel 
 

24 January 2008

 

____________________________________________________________________________________ 
EDMS number: 891187 - 11/16 - CMS_FPixel_0481.doc 
 

BRL-14 82.62 1096.60 64.75 0.11 2126.17 -0.29 
BRL-15 25.91 1096.60 47.97 0.13 2126.19 -0.34 
BRL-16 Not measured  
BRL-17 Not measured  
BRL-18 Not measured  
BRL-20 31.34 1081.53 91.80  
BRL-21 31.31 921.54 91.78  
BRU-1 25.19 -1031.06 481.66 -0.03 -0.05 0.03 
BRU-2 24.16 -1065.84 505.71 0.01 -0.06 0.00 
BRU-3 16.35 -1161.35 488.16 0.00 -0.04 0.02 
BRU-4 16.34 -1093.46 491.55 -0.04 -0.04 0.04 
BRU-5 121.91 -1031.07 480.38 -0.03 -0.03 0.03 
BRU-6 23.77 -1221.26 497.76 0.05 -0.05 -0.06 
BRU-7 76.12 -1221.26 483.45 0.04 -0.01 -0.07 
BRU-8 73.78 -1031.07 499.83 -0.01 -0.04 0.02 
BRU-20 -3.59 -1196.14 490.45  
  Min -0.04 -2127.58 -0.35 
  Max 0.13 2126.24 0.58 
  STDEV 0.04 1681.43 0.34 

 
5.3 FPixel HC+Z1 

 D = Meas. CERN - FERMILAB 
Label X (mm) Y (mm) Z (mm) DX (mm) DY (mm) DZ (mm) 
HD+Z1-3O1 28.56 45.84 350.37 -0.08 0.02 -0.03 
HD+Z1-3O2 64.99 41.04 335.46 -0.03 0.00 -0.01 
HD+Z1-3O3 98.97 45.95 309.60 -0.01 0.01 0.00 
HD+Z1-3O4 139.56 45.49 157.25 0.04 0.00 0.00 
HD+Z1-3O5 98.92 45.90 87.13 -0.04 0.03 0.05 
HD+Z1-3T10 48.20 40.45 99.24 0.00 -0.01 0.01 
HD+Z1-3T11 29.32 49.34 83.50 0.02 -0.04 0.02 
HD+Z1-3T14 -17.51 32.33 81.60 0.03 -0.04 0.01 
HD+Z1-4O1 66.43 -1.35 62.07 -0.01 0.00 0.03 
HD+Z1-4O2 124.67 -5.09 120.89 -0.03 0.05 0.02 
HD+Z1-4O3 139.74 -1.45 238.85 -0.04 0.03 0.02 
HD+Z1-4O4 124.11 -1.84 276.74 -0.03 0.04 0.02 
HD+Z1-4O5 66.35 -2.76 334.71 0.03 0.01 0.00 
HD+Z1-4T1 0.17 22.50 127.68 0.01 -0.03 0.02 
HD+Z1-4T2 7.86 21.34 101.18 0.02 0.00 0.02 
HD+Z1-4T3 9.10 18.48 78.17 0.02 -0.01 0.02 
HD+Z1-4T4 34.85 16.26 110.14 0.02 0.01 0.03 
HD+Z1-4T5 49.16 14.77 84.89 0.02 0.03 0.03 
HD+Z1-4T6 54.27 -1.22 174.54 -0.01 0.01 0.00 
HD+Z1-4T7 81.96 -2.57 167.35 -0.02 0.01 0.01 
HD+Z1-4T8 102.55 -5.21 157.43 -0.02 0.00 0.02 
HD+Z1-4T9 51.93 9.12 203.35 -0.02 -0.02 -0.01 
HD+Z1-4T10 117.18 12.38 203.59 -0.03 0.02 0.01 
HD+Z1-4T11 57.16 0.70 299.10 -0.04 -0.01 0.03 
HD+Z1-4T12 11.81 -1.34 265.24 -0.01 -0.04 0.02 
HD+Z1-4T13 18.60 -2.55 292.95 -0.03 -0.04 0.01 
HD+Z1-4T14 29.48 -5.59 313.51 -0.03 -0.01 0.02 
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HD+Z1-4T15 -17.35 9.10 262.03 -0.02 -0.08 0.01 
HD+Z1-IT1 5.25 0.27 245.22 -0.07 -0.07 0.01 
HD+Z1-IT2 34.28 43.01 216.42 -0.02 -0.03 0.00 
HD+Z1-IT3 34.92 -0.61 181.95 0.02 -0.02 0.00 
HD+Z1-IT4 3.36 43.29 150.85 -0.01 -0.03 0.00 
HD+Z2-3O1 28.81 174.62 349.89 0.02 0.02 -0.07 
HD+Z2-3O2 64.70 171.53 335.28 -0.06 0.00 -0.04 
HD+Z2-3O3 99.91 175.69 308.29 0.02 -0.01 0.00 
HD+Z2-3O4 140.08 175.74 159.23 0.04 0.00 0.00 
HD+Z2-3O5 99.29 175.87 87.24 0.06 0.00 0.02 
HD+Z2-3T11 29.37 179.70 82.76 0.13 0.02 -0.02 
HD+Z2-3T12 16.31 176.49 114.27 0.08 0.08 -0.01 
HD+Z2-3T14 -17.32 162.51 80.57 0.09 0.08 -0.01 
HD+Z2-4O1 67.23 128.99 62.17 0.04 0.00 0.03 
HD+Z2-4O2 125.99 125.72 122.97 0.05 0.02 -0.02 
HD+Z2-4O3 139.70 129.10 238.35 0.02 0.01 0.01 
HD+Z2-4O4 123.97 128.78 276.61 -0.01 0.00 0.00 
HD+Z2-4O5 65.94 127.72 334.56 -0.02 0.02 -0.04 
HD+Z2-4T12 11.46 128.90 265.56 0.01 -0.02 -0.04 
HD+Z2-4T15 -17.22 139.02 261.06 0.02 -0.03 -0.07 
HD+Z2-IT1 1.76 130.15 246.02 0.05 -0.04 -0.02 
HD+Z2-IT2 34.30 174.33 215.81 0.04 0.02 0.00 
HD+Z2-IT3 33.88 129.32 179.05 0.03 0.06 -0.06 
HD+Z2-IT4 5.35 173.63 151.26 0.06 0.09 -0.03 
3EFT1 61.30 2134.26 344.23 0.15 -0.01 0.09 
3EFT2 96.20 2134.25 324.61 0.10 -0.06 0.02 
3EFT3 151.20 2134.16 222.18 0.01 -0.03 0.00 
3EFT4 150.51 2134.10 175.35 -0.04 -0.01 0.00 
3EFT5 118.10 2133.97 94.41 -0.12 -0.05 0.04 
3EFT6 63.31 2133.85 50.76 -0.05 -0.06 -0.06 
3CT1 39.03 2128.76 347.89 0.13 -0.04 0.10 
3CT2 39.11 2099.08 327.40 0.10 0.00 0.08 
3CT3 15.72 1558.88 361.79 0.03 0.02 -0.13 
3CT4 -6.07 974.84 363.40 -0.03 0.07 -0.11 
3CT5 -6.09 453.24 363.92 -0.05 0.02 -0.04 
3CT7 39.25 2127.77 48.60 -0.02 -0.03 -0.12 
3CT8 39.31 2101.43 61.87 -0.06 -0.01 -0.09 
3CT9 26.65 1820.08 38.55 -0.09 0.01 0.13 
3CT10 -5.59 1234.99 32.09 -0.04 0.01 0.13 
3CT11 -5.20 478.74 31.25 -0.01 0.01 0.07 
CYL-BACK-1 153.79 1964.78 231.01 -0.04 0.01 -0.02 
CYL-BACK-2 145.18 139.50 261.78 -0.14 0.01 -0.03 
CYL-BACK-3 113.64 1534.73 311.36 -0.05 0.03 -0.04 
CYL-BACK-4 156.07 1145.87 214.45 -0.08 0.02 -0.06 
CYL-BACK-5 Not measured   
CYL-BACK-6 Not measured   
CYL-BACK-7 Not measured   

 Min -0.14 -0.08 -0.13 
 Max 0.15 0.09 0.13 
 STDEV 0.05 0.03 0.05 
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Label X (mm) Y (mm) Z (mm) 
Points on the Fpixel survey bracket 
4000 59.85 2135.03 285.52
4001 78.00 2135.02 266.40
4002 94.95 2135.00 234.19
4003 100.85 2135.01 198.08
4004 93.67 2135.03 158.21
4005 78.08 2135.03 129.72
4006 59.91 2135.05 110.58
Circle Center -12.99 2135.10 198.02
Points on the stand 
BLL-2 10.76 92.97 -12.54
BLL-3 -38.65 92.99 -26.16
BLL-4 -48.77 38.56 -16.08
BLL-5 -48.75 -45.71 -24.44
BLL-7 -42.17 -97.21 -27.29
BLL-8 11.80 -97.23 -10.30
BLL-9 54.06 -97.22 -10.78
BLL-10 -16.74 41.27 -2.99
BLU-1 -39.55 2173.00 466.54
BLU-2 -49.55 2088.04 411.03
BLU-3 -43.85 2069.38 430.27
BLU-4 57.05 2215.11 430.64
BLU-5 -49.58 2182.73 422.66
BRL-1 -48.71 2152.71 -22.48
BRL-2 -48.74 2086.48 -16.43
BRL-4 -10.30 2080.39 -2.95
BRL-5 58.07 2180.73 4.23
BRL-7 -39.97 2030.17 -11.99
BRL-8 8.74 2030.17 -11.62
BRL-9 55.93 2030.18 -26.81
BRL-13 53.19 2220.34 -10.83
BRL-14 17.48 2220.35 -10.02
BRL-15 -39.20 2220.35 -26.90
BRU-1 -40.62 92.51 405.91
BRU-2 -41.72 57.75 430.01
BRU-3 -49.48 -37.80 412.33
BRU-4 -49.48 30.12 415.75
BRU-5 56.10 92.49 404.81
BRU-6 -42.08 -97.69 421.92
BRU-7 10.31 -97.67 407.70
BRU-8 7.93 92.48 424.18
Additional points - not numbered systematically

1002 -32.15 1221.18 -144.56
1004 -31.94 1063.69 -172.88
1013 -32.32 759.32 -91.00
1014 -32.04 529.66 -168.71
1017 -32.36 385.34 -96.65
1026 109.05 165.51 514.54
1031 -32.13 181.87 -105.96
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1032 110.50 69.39 515.92
1035 -69.38 67.42 414.69
1042 -32.32 1395.09 -119.91
1044 -18.85 571.84 -80.25
1045 -23.25 616.59 -80.15
1046 41.86 384.63 -80.12
1047 -25.68 270.48 -80.19
1048 -17.79 202.74 -80.10
1059 -32.30 1657.10 -117.21
1065 84.99 1834.36 516.09
1067 -32.36 1805.98 -90.99
1068 57.40 92.97 -24.18
1075 82.16 2032.54 516.30
1076 -69.45 2057.22 414.95
1088 -41.81 2032.06 417.88
1089 4.93 2032.12 408.29
1090 44.84 2032.10 418.75
1101 -66.44 2169.49 -67.10
1108 55.42 2222.34 409.31
1109 -3.91 2222.30 420.92
1110 -41.05 2222.29 422.10
1112 209.63 2170.88 -67.75
1113 231.53 2171.10 46.22
1116 207.64 2172.19 256.90
1118 -51.44 -46.91 463.67
1121 56.77 -97.68 405.42
1122 210.41 -44.97 464.30
1123 230.57 -44.87 414.90
1124 207.64 -45.18 223.17
1126 232.19 -45.17 -12.58
1127 219.39 -45.20 -68.70
1134 209.03 2173.64 465.46
1135 231.28 2173.07 398.52
1138 119.98 1824.43 -88.02
1139 243.77 2091.20 230.96
1140 120.09 1883.31 -172.68
1141 243.14 2164.05 382.34
1142 120.48 711.54 -171.52
1143 120.03 763.02 -89.33
1144 120.47 870.06 -173.22
1145 119.98 994.57 -91.07
1146 120.43 1052.21 -172.24
1148 243.43 -34.90 -8.55
1149 242.36 -36.09 277.93
1150 242.46 37.32 122.87
1151 241.45 36.52 411.54
1153 120.17 123.90 -93.42
1154 120.39 208.72 -171.46
1155 120.08 263.92 -91.83
1157 120.01 1952.72 -88.81
1166 80.15 -154.71 476.36
1168 102.85 1721.95 -79.12
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1169 -18.64 1685.04 -79.23
1170 108.17 1510.41 -79.12
1171 -22.38 1496.44 -79.42
1172 -17.35 1359.93 -79.52
1175 -18.42 973.56 -79.99
1177 108.89 124.53 -79.65
1180 -4.56 -82.51 386.67
1183 112.68 1000.06 -79.41
1188 108.61 759.56 -79.44
1190 108.72 1170.47 -79.26
1193 51.19 851.90 -79.68
1197 105.70 1811.01 -79.07
1199 45.31 2004.72 -79.23
1202 111.30 715.73 -79.53
1206 -67.83 -2.15 474.03
1207 54.30 -91.95 430.08
1208 94.13 250.64 482.77
1209 73.09 201.00 482.96
1210 94.28 159.76 482.80
1211 95.98 125.81 482.78
1212 74.83 51.07 483.05
1213 70.08 529.75 482.70
1223 -68.53 2128.41 474.56
1227 -18.79 2005.49 -79.09
1237 108.37 383.27 -79.79
1250 -21.01 1901.82 -79.08
1251 -63.96 -47.44 -45.00
1252 -3.89 -82.19 8.80
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5.4 Mean Circle – FPixel survey bracket 
 
Results of Circle Fitting  Date of Calculation: 2/8/2008  

    Time of Calculation: 9:10:07 AM  
Equation and Direction Cosines of the Plane :      
Eqn of a Plane:  Y + B*Z + C*X + D = 0       

 B 0.000136 sig_B 0.000033 mm/mm   
 C 0.000866 sig_C 0.000134 mm/mm   
 D (mm) -2135.120 sig_D 0.013 mm   

Hence for Eqn of the form:      a*x + b*y + c*z +d = 0   with a, b, c : Dir. Cosines of perp. Line to the Plane 
 a 0.000866       
 b 1.000000       
 c 0.000136       
 d (mm) -2135.120       

Co-ordinates of the centre of the circle - in the Local Plane     
 x (mm) -14.841 sig x 0.028  mm    
 y (mm) -197.726 sig y 0.007  mm    

Co-ordinates of the centre of the circle - in Calculated Co-ordinate Axis     
 X (mm) -12.99        
 Y (mm) 2135.10        
 Z (mm) 198.02        

Radius of the circle        
Rad (mm) 113.84  sig R 0.02  mm    
Observed Coords    Dist. pt proj / plan Dist. point  

     to circle (micr) to plane (micr)  
Name X (mm) Y (mm) Z (mm) Weight +ve outside circle    

     -ve inside circle    
4000 59.85 2135.03 285.52 1.0 9  3   
4001 78.00 2135.02 266.40 1.0 -15  -2   
4002 94.95 2135.00 234.19 1.0 3  -4   
4003 100.85 2135.01 198.08 1.0 4  -1   
4004 93.67 2135.03 158.21 1.0 3  9   
4005 78.08 2135.03 129.72 1.0 -6  -5   
4006 59.91 2135.05 110.58 1.0 1  0   

          
Dist = 'Signed' Dist. to Plane ( - => Origin & Pt on same side / Plane, + => Origin & Pt on opp. side / Plane ) 
Summary of the data in the Calculated Co-ordinate Axis     
Original Axis Conversion  X Calculated Co-ordinate Axis = X Observation Axis  

    Y Calculated Co-ordinate Axis = Y Observation Axis  
    Z Calculated Co-ordinate Axis = Z Observation Axis  

Equation of the Circle :  R^2 = ( XC - X )^2 + ( YC - Y )^2 + ( ZC - Z )^2  and  a X + b Y + c Z + d = 0 
 12960.227084 = ( -12.992 - X )^2 + ( 2135.105 - Y )^2 + ( 198.016 - Z )^2    
 0.000866* X + 1.000000* Y + 0.000136* Z + -2135.120 (mm) = 0    

Maximum Distance from Circle (micr) 9  At Point 4000 +ve outside circle  
Minimum Distance from Circle (micr) -15  At Point 4001 -ve inside circle  
Distance from origin to Circle Centre (mm)   2144.307  
Bearing of Vector from origin to circle centre (grades)   399.6126  
Vertical Angle of Vector from origin to circle centre (grades)  94.1128   
Perpendicular distance from origin to plane containing circle (mm) 2135.120  
Bearing of the Vector from the origin to the plane (grades)  0.0551   
Vertical Angle of the Vector from the origin to the plane (grades)  99.9914   

 


